ABSTRACT-Sclerotinia sclerotiorum is predominant among other fungi species responsible for rot of several crops on the field and in storage. It results in an important economic loss in stored carrot roots and other economic important crops and vegetables. This makes Sclerotinia sclerotiorum a polyphagous fungus. S. sclerotiorum is a cosmopolitan fungus that affects most crops and vegetables in the tropics and temperate regions. The study was conducted to determine the incidence of S. sclerotiorum in stored carrots within the two major markets (Tamale central and Aboabo) of the Tamale Metropolis of the Northern region of Ghana. Fifteen (15) carrot samples each were collected from the two markets and from different storage containers (storage in sack, basket and pan). Four different fungi species were isolated from the carrot samples. These were Sclerotinia sclerotiorum, Botrytis cinerea, Aspergillus niger and Aspergillus clavatus. The total incidence of fungi species among the two markets showed significant difference (P < 0.05). S. sclerotiorum recorded varied occurrences across the two markets with the highest incidence recorded in the Tamale Central market (44.4%). S. sclerotiorum was predominant in carrots from the markets than the other fungi. The incidence of S. sclerotiorum varied in different storage containers. Storage using sack recorded the highest incidence (70.0%) of S. sclerotiorum followed by storage using pan (32.7%) with the lowest incidence recorded in storage using basket (24.0%). However, S. sclerotiorum was found to be associated with carrots from the two markets studied. Hence appropriate storage containers such as storage using baskets are recommended as a way of combating the high incidences of S. sclerotiorum.
INTRODUCTION
Carrot (Daucus carota L.) is a popular exotic vegetable grown throughout the world [1] . It is grown for its fresh roots and it is either eaten fresh or cooked [2] . Carrot is a biennial crop which is usually cultivated as an annual crop in the tropics [3] . It is an important vegetable which is ranked third among the succulent vegetables in the world production [4, 5] . The annual world production of carrot has increased by 133% during the past 3 decades amounting to 19.4 million metric tons in 2000 [6] . Presently, carrot is a commercially important crop that represents 1.4% of the total world root, tuber and other vegetable production [6] . Carrots are produced in at least 108 countries throughout the six continents [6] .
One of the prevalent storage diseases of carrot is the sclerotinia rot, also known as cottony rot or white mold is caused by the Sclerotinia sclerotiorum fungi [7] . The inoculum responsible for this disease of carrots originate primarily from infected and infested roots from the field [7] . According to Bolland and Hall [8] , the fungus Sclerotinia sclerotiorum is a polyphagous species that affects over 400 plant species around the world. Host plants infested by this fungus include many vegetable crops such as; carrot, tomato, green pepper, lettuce and cabbage [9] .
Despite the importance of carrot, it is faced with several challenges from cultivation through to storage. The continuous availability of quality carrot beyond the normal harvest season remains a primary challenge to producers globally and also storage methods between harvest and marketing vary among regions [10] . According to Hasen et al. [11] , serious losses have been recorded in the United States during storage of carrot due to white mold. Ghana is not exempted from this problem in Africa because optimum temperature for disease development ranges from 15 -21 o C [12] .
Proper storage method is one of the factors to effectively reduce or suppress infection by Sclerotinia sclerotiorum. Inappropriate storage conditions allow for the easy development and spread of the fungus. Severe infections result in rotting and thereby producing bad smells. Other control measures including biological and chemical means together with proper storage temperature are essential for minimizing moisture loss and reducing microbial activities on stored carrot.
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The goal of the present study, therefore, was to determine the incidence of white mold fungi (S. sclerotiorum) and storage containers on stored carrots in the Tamale Central and Aboabo markets.
MATERIALS AND METHODS

Study site
The study was conducted in 2 markets (Tamale central market and Aboabo) within the Tamale metropolis in the Northern region of Ghana. Tamale Metropolis occupies approximately 922 km   2 which is about 13% of the total land area of the Northern region. It shares common boundaries with Tolon-Kumbungu, East and West Gonja Districts [13] . The work was conducted at the Tissue culture laboratory of the University for Development Studies, Nyankpala Campus. The Tamale metropolis is located at latitude 9o 25 North and longitude 0o 51 West and has an elevation of approximately 173 m (568 feet). It experiences a single rainy season starting from late April with little rainfall, rising to its peak in JulyAugust and declining sharply to a complete halt in October-November. Daily temperatures vary from season to season. There is mostly high humidity and heavy thunder storms with slight sunshine in the wet season as compared to the dry season which is characterized by dry harmattan winds from November to February and high sunshine from March to May. This climatic feature offers a unique opportunity for the preservation industries in that it could use the sunshine as a natural preservative. The mean annual rainfall ranges from 950 mm -1200 mm [14] . It is within the Guinea Savannah zone with tall grasses interspersed with drought-resistant trees such as acacia (Acacia longifolia), mango (Magnifera indica), baobab (Adansonia digitata), shea (Vitellaria paradoxa), dawadawa (Parkia biglobosa), mahogany (Khaya senegalensis) and neem (Azadirachta indica). Major tree species include the shea, dawadawa, and mango, which are economic trees and form an integral part of livelihood of the natives.
Carrot sample collection
Fifteen carrots roots were randomly collected each from the Tamale Central and the Aboabo markets. The obtained samples were packed into paper bags to prevent further contamination and then transported to the laboratory.
Experimental Design
Completely Randomised Design (CRD) was used in the experiment.
Sterilisation of equipment
Before the isolation and identification of fungi, several laboratory operations were carried out in order to avoid all forms of contaminations. Such operations included sterilization of all glasswares by autoclaving and using 95 % alcohol for disinfection. All chemically treated glassware was rinsed thoroughly in three changes of sterile water.
Sodium hypochlorite was used as a surface sterilant to treat surface of infested tissue to reduce surface contaminants that would interfere with isolation.
Media Preparation
The preparation of the media was based on the directions given by the manufacturer (Oxoid, UK). Thirty-nine (39) grams of Potato Dextrose Agar (PDA) powder was dissolved in 1litre (L) of distilled water in a conical flask. The opening of the flask was covered with aluminium foil to prevent contamination, condensation and moisture loss. A magnetic stirrer was used to stir the mixture while heating on the heating mantle to obtain a uniform mixture. The mixture was then autoclaved at 121 o C at 1 bar pressure for 15 minutes. Twenty (20) ml each of the melted PDA was poured into sterilized Petri dishes in a controlled environment (lamina flow hood) and allowed to solidify.
Isolation
The carrot samples were sliced into pieces and surface sterilized in 3% Sodium hypochlorite (NaOCl) solution in order to prevent the fungi within from being killed whiles reducing surface contaminants at the same time. Sliced carrots were rinsed in 3 changes of distilled water and left to dry on sterilized filter papers. For each carrot sample, five slices were plated at equidistant on PDA contained in a Petri dish. Each sample was replicated 3 times. The plated carrot slices were incubated at room temperature of 25 o C for 5 days. Mixed cultures of various species of fungi were obtained from the plated carrot slices. Each distinct culture constituting the mixed culture was sub-cultured unto fresh PDA plates. The sub-culturing of each fungus continued until the various pure cultures were obtained.
Identification of Sclerotinia sclerotiorum
Sclerotinia sclerotiorum was identified by a white cottony dense mat of mycelia on surface of host crop. Within the fluffy white mass is a dense white body which becomes black and hard as they mature, known as sclerotia. It produces large smooth rounded sclerotia (2 -10 mm in diameter) [15] .
Asian Journal of Agriculture and Food Sciences (ISSN: 2321 -1571)
Volume 06 -Issue 06, December 2018
Identification of Botrytis cinerea
Botrytis cinerea is also known as gray mold fungi. It is a filamentous fungal pathogen that causes loss on carrot during growth and storage [16] . Isolation and identification of the gray mold was based on the abundant blackish gray mycelia and conidia on the in plates of carrot [17] .
Identification of Aspergillus niger and Aspergillus clavatus
The most common method used for identification of Aspergillus isolates is based on the colony characteristics and morphological characteristics. They are easily distinguished based on the spore bearing structures or conidiophores having an erect hyphal with a swollen vesicle which bears the conidia [18] .
Determination of incidence of white mold
The incidence of white mold on carrot was determined using a count method described by Singh et al. [19] . The percentage incidence of white mold and other associated fungi from the total count obtained from the markets was calculated using the formula;
Percentage occurrence = (number of times a fungus was encountered)/ (total fungal isolations) ×100
The incidence of fungi based on the various storage containers used by vendors was determined by calculating the average percentage incidence of each of the fungi incidence based on the various storage containers used in the two markets. This is given by the formula below:
% occurrence in storage container = (sum of a given fungi % incidence based on a storage method)/ (number of incidences of a given fungi in the storage method)
Pathogenicity test using fungi isolates
Healthy carrots were sliced into pieces and surface sterilised in 3 % Sodium Hypochlorite solution. Pure isolates of white mold fungi were inoculated on sliced carrots on PDA media and the plates were incubated at room temperature (25 0 C) for two weeks. Inoculation was done by using an inoculation loop or pin to pick a loop of the pure isolates of white mold fungi onto the healthy carrot slices. The same procedure was used in the inoculation of the other fungi (Botrytis cinerea, Aspergillus niger and Aspergillus clavatus). Three replications were prepared for each treatment (fungus). The control consisted of sterilised 3 mm PDA disc placed in holes made in healthy bulbs. Observation for symptoms development was made and the degree of pathogenicity of each fungus determined by measuring the extent of the rot (mm) on the inoculated slides with a ruler.
Statistical Analysis
Data was subjected to ANOVA (Analysis of Variance) using generalized linear model (GLM) in Genstat (edition 4) and the means were separated at 5%. Results from analysis were presented in graph
RESULTS
Percentage occurrence of fungal species on stored carrots in the Tamale Central and Aboabo markets
Four different species of fungi were isolated from all thirty samples collected from the two markets within the Tamale metropolis. These were Sclerotinia sclerotiorum (White mold), Botrytis cinerea (Gray mold), Aspergillus niger and Aspergillus clavatus. The Sclerotinia sclerotiorum percentage occurrences recorded for the Tamale Central (44.4%) and Aboabo (40.0%) markets were significantly higher (P < 0.05) than that of each of Botrytis cinerea. Aspergillus niger and Aspergillus clavatus (Figure 1 ). However, there was no significant difference (P > 0.05) between the percentage occurrence of S. sclerotiorum recorded for the Tamale Central and Aboabo markets (Figure 1 ). The percentage occurrence for Botrytis cinerea (23.6%) recorded for each of the Tamale Central and Aboabo markets were significantly higher (P < 0.05) than what was observed for each of Aspergillus niger and Aspergillus clavatus (Figure 1 ). The occurrence of Aspergillus niger in the Tamale Central and the Aboabo markets were 8.6 and 11.9% respectively which were also significantly higher (P < 0.05) than the incidence of Aspergillus clavatus (Figure 1) . However, Aspergillus clavatus with an incidence of 3.11 % was only recorded for Aboabo but not the Tamale Central market (Figure 1 ).
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Asian Online Journals (www.ajouronline.com) 205 In the Tamale Central and the Aboabo markets, carrots were stored in sacks, baskets or pans. The Percentage occurrences of fungal species of carrots stored in different storage containers have been illustrated in Figure 2 . Sclerotinia sclerotiorum recorded the highest percentage occurrence in storage by sack (70.0%) followed by storage by pan (32.7%) and basket storage recorded the least incidence (24.0%). Botrytis cinerea recorded highest percentage occurrence in storage by basket (29.3%) followed by pan (22.0%) and then storage in sacks recorded the least incidence (19.3%). Aspergillus niger recorded highest percentage incidence in storage in pans (12.8%) followed by basket storage (10.7%) and sack storage recorded the least (7.3%). Aspergillus clavatus recorded percentage occurrence of 4.7% in basket storage method with no incidence in the sack and pan storage method. Generally, there were significant difference (P < 0.05) among the incidence of the various fungi (S. sclerotiorum, B. cinerea, A. niger and A. clavatus) recorded on the carrot in relation to the storage containers.
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Percentage occurrence of Sclerotinia. sclerotiorum based on storage containers between markets
The results obtained for the percentage occurrence of Sclerotinia sclerotiorum based on storage containers between the Tamale Central and Aboabo markets are presented in Figure 5 . The percentage occurrence of S. sclerotiorum in the sack stored carrots for each of the Tamale Central (73.3%) and the Aboabo (66.7%) markets where significantly higher (P < 0.05) than what were recorded for the basket and pan storage containers for the two markets. However, there was no significant difference between the percentage occurrences of S. sclerotiorum for the sack storage containers in the Tamale Central and the Aboabo markets. The percentage occurrence of S. sclerotiorum for the pan storage in the Tamale Central (33.3%) and Aboabo (32.0%) markets where significantly higher (P < 0.05) than that of the basket method for the two markets. There was no significant difference (P < 0.05) between the S. sclerotiorum percentage occurrence on the pan storage carrot for the Tamale Central and Aboabo markets. The basket stored carrot in the Tamale Central market (26.7%) recorded a significantly higher (P < 0.05) S. sclerotiorum percentage occurrence than that of the Aboabo market (21.3%).
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DISCUSSION
Generally, Sclerotinia sclerotiorum was present in carrot samples from the two markets (Tamale Central and Aboabo) within the Tamale Metropolis. This fungus recorded the highest incidence amongst other fungi species in all the samples collected from these markets. This affirmed the reports of Mendes et al. [9] and Reis and Lopes [20] that White mold is a very serious problem in vegetable crops such as carrot, potato, tomato, green pepper, eggplant, lettuce and some brassicaceous species. It also agrees with the report by Shika and Doug [21] which indicated that most postharvest losses in carrots are due to Scleotinia rot, Botrytis rot, Bacterial soft rot and Sour rot. Of these Sclerotinia sclerotiorum is the most prevalent.
The considerably high incidences of Sclerotinia sclerotiorum in carrot from all the sources could be mainly attributed to the wide range of temperatures in the study areas. This affirmed the report by Lobo Júnior et al. [12] that the optimum temperature for disease development ranges from 15 0 C to 21 0 C the sclerotium needs high air humidity and free water on plant to infect its hosts.
Generally, there was significant difference in the incidences of Sclerotinia sclerotiorum recorded in carrot samples from the different storage containers (sack, basket and pan) in the study areas with storage by sack recording the highest incidence. It is likely that the different storage methods provided different storage conditions that influenced the mycelium growth in storage. This could be attributed to the exposure of carrots to conditions which favoured the development of the fungi. This agrees with the report by Fandohan et al. [22] that some storage containers do not safe guard produce from mould infection as well as protection of produce against other contaminants. The high incidence of S. sclerotiorum in the sack storage method could be that the sack provided moist and humid conditions that facilitated fungal growth. It confirmed the report by Hell et al. [23] and Udoh et al. [24] who indicated that many farmers nowadays store their produce in sacks, especially polypropylene which are not airtight, with evidence that this method facilitates fungal contamination. It also agrees with the report by Reis and Lopes [20] that White mold becomes a serious problem in wet and cool environments.
CONCLUSION
Sclerotinia sclerotiorum was found to be associated with carrot samples from the two markets within Tamale metropolis (Tamale central and Aboabo). However, its occurrence varied across the two study areas. Very high incidences were recorded in carrot samples from Tamale central market followed by Aboabo market. Apart from Sclerotinia sclerotiorum, other fungi such as Botrytis cinerea, Aspergillus niger and Aspergillus clavatus were also isolated from the carrot samples. Sclerotinia sclerotiorum causes serious pre-harvest and postharvest losses and it is therefore important to control this fungus to its minimum.
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